phase partitioning for CH3COOH was within the uncertainty range of thermodynamic data. However, HCOOH exhibited significant phase disequilibria, which could not be explained by artifacts from variable LWC or from mixing droplets of different acidities. We hypothesize that the large voltune of liquid water deposited on the forest canopy interacted with the near-surface cloud leading to apparent disequilibria based on time-integrated samples. HCOOH was selectively depleted relative to CH3COOH in cloud, particularly at higher pH, suggesting rapid removal of HCOOH by cloud-water deposition. We saw no evidence for significant production of HCOOH from the aqueous-phase oxidation of HCHO.
Immediately after collection, cloud-water samples were weighed, analyzed for pH and conductivity [Galloway et al., 1982] , and divided into two aliquots. Aliquot 1 was treated with 500 I•L of CHCI 3 to prevent microbial degradation [Keene et al., 1983] , stored in the dark at 4 ø C, and transferred to the University of Virginia (LWA) for flaxher analysis. HCOOH t (I-ICOOHaq + HCOO-) and CH3COOH t (CH3COOHaa + CH3COO-) were measured by ion-exclusion chromatography using procedures described by Keene et al. [ 1989] for UVA. SO42-, NO3-, and CI-were measured by ion chromatography (ILD using Dionex AG4, AS4, and AMMS columns and an isocratic 4.0 mM Na2CO 3 ehent. Nit + M•+ ' was measured by automated colorimetry and Ca 2+, Na +, and K + by atomic-absorption spectroscopy [Galloway et al., 1982] 2.2.4. Chemical composition of precipitation. During cloud events, precipitation was sampled sequentially from the top of the tower using 27.9-cm-diameter, high-density polyethylene funnels threaded onto 2-L, high-density polyethylene bottles [Galloway et al., 1982] . The collectors were mounted in an anodized aluminum bracket attached to an outrig boom on the windward side. We exposed a clean precipitation collector at the beginning of each event and checked it at the end of each cloud sampling. When enough precipitation for complete analysis (about 60 mL) had been collected, the sample was recovered and a clean funnel and bottle installed. Samples were then processed and analyzed following the same proce•es used for cloud water, ]. Three-dimensional back trajectories for air parcels associated with cloud events were calculated using the NOAA HYbrid Single-particle Lagrangiaa Integrated Trajectories (HY-SPL1T) model [Draxler, 1992; Rolph, 1992 Rolph, , 1993 . The data used to calculate SCAPE trajectories had spatial and temporal resolutions of 180 km and 2 hours, respectively. The model included 10 sigma layers (terrain-following coordinates) in the bottom 600 mbars of the atmosphere; the lowest layer was approximately 200 m above the surface. Simulations were typically reliable for 2 or 3 days and were usually reasonable indicators of air-parcel origins for several more days. (Tables 1 and 2 ) may have diluted coarse-fraction cloud water thereby contributing to these differences. Acidity of the precipitation (Table 2) 2b, 2c, 2d ) and of precipitation ( Figures 3a and 3b [ The pH of virtually all cloud water we sampled (Figures 2b and 2h) was less than the pK a for CH3COOH (4.76 at 25 ø C), thus variations in droplet pH and in LWC during sampling could not explain the small but systematic disequilibria for CH3COOH. Supersaturation of HCOOH in cloud water was most frequent at pH less than the pK a of HCOOH 0.75 at 25 ø C) (Figure 3 ). Because such sampling artifacts as those described above would only have had a minor influence in this pH range, we concluded that other processes contributed to this apparent supersaturation. During the middle of event 1, both cloud-water fractions were in equilibrium with HCOOHg (Figure 4a 
(c) and (i) HCOOI-I t (I-ICOOHaq + HCOO-) for events I and 2, respectively. (d) and (j) CH•COOH t (CH•COOHaq + CH•COO-) for events I and 2, respectively. (e)
and (k) Measured phase partitioning of HCOOH for events 1 and 2, respectively. (f) and (1) Measured phase partitioning of CHsCOOH for events I and 2, respectively. OlOO surfaces. Cloud water also deposits slowly relative to the total volume of canopy water (see above). Canopy water should, therefore, reflect some average of the past chemical composition of the cloud and thus equilibria exchange with canopy water should buffer temporal variability of carboxylic acids in cloud parcels passing through the canopy. The nearsurface cloud that we sampled contained a mixture of parcels; some had interacted with the canopy, some had not. Since depositional losses had reduced the LWC of canopyimpacted parcels, time-integrated cloud water sampled immediately above the canopy was more heavily weighted by unimpacted parcels; gases sampled in parallel were equally weighted by impacted and unimpacted parcels. For a cloud with chemistry that varied significantly over time, this mechanism predicts that variabilities in measured mixing ratios of carboxylic acid gases would be damped relative to those expected based on thermodynamic equilibria with the aqueous phase. HCOOH data for event 2, which exhibited highly variable chemistry (Figures 2h, 2i) , followed this predicted pattern (Figure 4c ). For a cloud with chemistry that did not vary significantly over time, no influence on apparent equilibria is expected since the composition of the canopy water and cloud water would be in equilibrium. During the middle of event 1, when cloud chemistry was fairly constant (Figures 2b and 2c HCOO-to HCHO ratios during event 2 were similar to the predicted equilibrium value, but those during event 1 were 3 to 4 times higher (Table 4) . No significant diel variability was observed in either case.
The pH dependence of the ratio of total HCOOH to HCHO was also examined for evidence of aqueous-phase chemistry. Assuming there were no other sources of variability for these species, higher concentrations of total HCOOH relative to total HCHO would be expected in more acidic clouds during the daytime if HCHO was oxidized to HCOOH via aqueous-phase chemistry. Daytime ratios did not appear to vary consistently as a function of H + during either event (Figures 5b, 5d) .
Like those for most ground-based experiments, SCAPE data were generated within a Eulerian framework, yet questions concerning in-cloud chemical transformations are Lagrangian in nature. The process• that we investigated were somewhat obscured by transport, vertical mixing, and surface exchange, thus complicating data interpretation. Within the inherent uncertainties imposed by the experimenhal design, we saw no clear evidence that aqueous-phase oxidation of HCHO within clouds produced HCOOH. Processes other than this mechanism apparently dominated uansformations involving these species in the near-surface clouds we sampled.
Conclusion
In-cloud measurements from SCAPE provided a unique data set with which to assess thermodynamic rehtionships and chemical transformations involving carboxylic acids and carbonyl compounds at a rural continental site. We sampled size-segregated droplets and interstitial gases in two cloud events during September 1990. LWC for coarse droplets 
